We compare the Standard Model (SM) predictions for the differential branching ratio of the rare B → K * νν decays using B → K * form factors obtained from holographic light-front QCD (hLFQCD) and Sum Rules (SR) Distribution Amplitudes. For the total branching ratio, we predict BR( B → K * νν ) hLFQCD = (6.36
I. INTRODUCTION
The flavor changing neutral current (FCNC) b → s transition has been at the focus of extensive experimental and theoretical investigations. This is due to the fact that, among other things, this rare transition is sensitive to new physics (NP) beyond the Standard Model (SM). Many observables for the dileptonic B → K * µ + µ − decay have already been measured and the precision of the experimental data is expected to improve significantly in the near future. On the other hand, the rare decay B → K * νν has not yet been measured experimentally and it is challenging to do so, as both leptons are detector eluding neutrinos.
Only the upper bounds on the branching ratio (BR) are known and the most ones are set by the Belle Colaboration [1] : 
With the advent of Super-B facilities, the prospects of measuring these branching ratios in the near future are good. The Belle-II experiment, with an integrated luminosity 50 ab
that is expected to be collected by 2023, a measurement of the SM BRs with 30% precision is expected [2] . Therefore, it is appropriate to have a closer look at this decay in order to motivate and further guide experimental efforts to measure the BRs and related observables.
Theoretically, the presence of only one operator in the effective Hamiltonian for the b → sνν transition makes B → K * νν much less susceptible to hadronic uncertainty due to sensitivity to a minimal number of form factors. Moreover, this decay process does not suffer from additional uncertainties beyond the form factors, such as those that plague the b → s ¯ transitions due to the breaking of factorization caused by photon exchange. Indeed, for the B → K * νν transition, factorization holds exactly, so a measurement of the decay rate would allow in principle to measure the form factors. This distinction also leads to the fact that, in contrast to B → K * µ + µ − decays, the isospin asymmetries of the decays with neutrinos in the final state vanish identically, so the branching ratio of the B 0 and B ± decays only differ due to the lifetime differences, i.e. BR(
is valid in the SM and beyond.
In this paper, we calculate the differential BR as well as the K * longitudinal polarization fraction for B → K * νν decay. The form factors parameterizing the B → K * hadronic matrix elements are derived via light-cone sum rules (LCSR) 1 in which the required Distribution Amplitudes (DAs) for K * are obtained from the holographic light-front wavefunctions (LFWFs) for vector mesons [3] and from QCD Sum Rules [4] . Successful predictions of diffractive ρ and φ meson electro-production at HERA [5] [6] [7] [8] [9] [10] using holographic LFWFs, motivates us to use these alternative DAs in our calculation of form factors [11, 12] . The B → (ρ, K * ) transition form factors using holographic ρ and K * DAs have previously been used to calculate the differential decay rate of semileptonic B → ρ ν [13] and dileptonic
as well as the isospin asymmetry [14] and resonance effects [15] in the latter decay. In [15] , we also found that our predictions for BR(B → K * µ + µ − ) are not very different at low-to-intermediate q 2 when using SR or holographic DAs (see Fig 5 of [15] .).
We shall see that the situation is different for BR( B → K * νν ).
II. THE EFFECTIVE HAMILTONIAN
The effective Hamiltonian for FCNC transition b → sνν in the SM is given as [16] 
where the only contributing operator O L is defined as:
where P L = (1−γ 5 )/2 is the left-handed projection operator and C L is the Wilson coefficient given by
with s 2 w = sin 2 θ w ∼ 0.23 (θ w is the weak angle) and
The leading-order (LO) contributions to X(x t ) can be written as:
where the effective vertex functions B 0 and C 0 represent the box and penguin diagrams shown in Figure (1) . Explicitly,
1 LCSR form factors are accurate for low-to-intermediate q The transition B → K * via the effective Hamiltonian given by Eq. (2) is parametrized by four form factors:
where ε is the polarization 4-vector of the K * . The form factors A 0 , A 1 , A 2 and V are sensitive to nonperturbative QCD and therefore one should resort to a specific model to calculate them. In a previous paper, we calculated B → K * transition form factors by using the light-cone sum rules (LCSR) along with holographic distribution amplitudes (DAs) obtained from holographic light-front QCD [3] . In this paper, we also estimate the uncertainty in the form factors resulting from the uncertainties due to quark masses.
III. DISTRIBUTION AMPLITUDES FOR THE K *
We now proceed to predict the twist-2 DAs φ ,⊥ K * (x, µ) by writing them in terms of the light-front wavefunctions for K * [21] :
and
where f K * and f ⊥ K * are the longitudinal and transverse coupling constants, respectively. µ is the nonperturbative hadronic scale and the above expressions are valid at µ ∼ 1 GeV, which is a scale representing transition from perturbative to non-perturbative regimes. Ψ λ (x, ζ) are holographic meson wavefunctions obtained by solving the holographic light-front Schrödinger Equation for mesons [22] . Explicitly,
where λ = L, T denotes the polarization and ζ = √ xxb is the so-called holographic variable [22] . The polarization-dependent normalization constant N λ by requiring that [11] h,h
where the helicity-dependent wavefunctions in Eq. 12 are given by [12, 21] 
In Eq. (11), κ is the fundamental confinement scale [22] that emerges in light-front holography. Spectroscopic data indicate that κ = 0.55 GeV for light vector mesons and a similar value, κ = 0.54 GeV, is also favoured by the data for diffractive electroproduction of ρ and φ vector mesons [11, 12] . We shall therefore use the latter value here. As for the quark masses mq /s , we shall fix them here in order to fit the experimentally measured decay constant f K * and we also check that our prediction for the ratio of transverse to longitudinal coupling, 
respectively, which are obtained from the normalization condition on DAs, i.e.
Our predictions are shown in Table I . As can be seen, different sets of quark masses can be used to fit the measured decay constant with the larger quark masses being preferred in order to approach the lattice data for the ratio f
Guided by our predictions in Table I , we shall use mq = (195 ± 55) MeV and m s = (300 ± 20) MeV in this paper. [23] , and the ratio of couplings with lattice [24, 25] data.
We can now compare the holographic DAs with those obtained using QCD Sum Rules.
Note that Sum Rules predict the moments of the DAs:
and that only the first two moments are available in the standard SR approach [26] . The twist-2 DA are then reconstructed as a Gegenbauer expansion
where C 3/2 j are the Gegenbauer polynomials and the coeffecients a ,⊥ j (µ) are related to the moments ξ n ,⊥ µ [27] . These moments and coefficients are determined at a starting scale µ = 1 GeV and can then be evolved perturbatively to higher scales [26] . 
IV. B → K * TRANSITION FORM FACTORS
As we noted before, the form factors, computed via LCSR, are valid at low to intermediate
The extrapolation to high q 2 is performed via a two-parameter fit of the following form (20) to the LCSR predictions as well as form factor values obtained by the lattice QCD which are available at high q 2 . The results for the above fit are summarized in Table II . A 12 is a combination of the two form factors A 1 and A 2 which appears in the expression for the differential decay rate and is given as:
where λ K * is a kinematical factor and is given as the following: threshold and other input parameters). Since our goal in this paper is to discriminate between the LFhQCD and SR models and that the inherent LCSR uncertainties are the same in both models, we do not include them here. Table III shows the numerical values of the input parameters used in our predictions of the form factors and the decay rate. 
V. DIFFERENTIAL DECAY RATE
Once the form factors are known, the differential branching ratio for B → K * νν can be written as [16] :
where
and the functions ρ V , ρ A 1 and ρ A 12 are defined in terms of the form factors: The K * longitudinal polarization fraction F L is another observable associated with B → K * νν decay. Indeed, within the SM, the branching ratio for B decay to longitudinal K * and the neutrino-anti-neutrino pair is due to the second term in Eq. 22 and therefore, for a given q 2 the fraction F L can be written as [29] : 
LFhQCD SM = 0.40
as compared to F L ( B → K * νν ) SR SM = 0.41 ± 0.01. In Table IV , we present bin-by bin predictions of LFhQCD and SR for the branching ratio and longitudinal polarization asymmetry. The predictions in a q 2 bin [a, b] are computed using 
VI. CONCLUSION
Experimental observation of B → K * νν can provide an excellent probe for the theoretical B → K * transition form factors. The differential branching ratio for this decay shows the largest sensitivity to the form factors for low-to-intermediate values of the momentum transfer. The K * longitudinal polarization fraction, on the other hand, is not sensitive to the form factors, which makes it an interesting observable for NP search.
